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Studies of serum lipids in adults and children receiving most of their dietary fat as medium-chain triglyceride (MCT) have given variable results. Uzawa et al. (1964) showed that significant and maintained hypertriglyceridaemia occurred in individuals in calorie balance, whereas in hypocaloric states no such change was found. A slight fall in serum cholesterol levels was observed in 8 adults when MCT was exchanged isocalorically for long-chain triglyceride (LCT) (Hashim, Arteaga, and Van Itallie, 1960; Roels and Hashim, 1962) . On the other hand, Cancio and Menendez-Corrada (1964) in their study of adults with tropical sprue showed a rise in the initially low levels of total lipids and cholesterol when an MCT diet was given. In children with cystic fibrosis given MCT, Kuo and Huang (1965) observed an increase in plasma triglyceride in young infants but not in older children; plasma cholesterol and phospholipid levels were unaffected.
In this paper, we report the effect of an MCT diet on the concentration of serum triglyceride, cholesterol, and phospholipids, and on the fatty acid composition of serum triglyceride and phospholipids and adipose tissue triglyceride in children with various malabsorptive disorders.
Patients and Methods
Patients. The patients studied are listed in Table I . The clinical details are reported in the previous paper (Leyland et al., 1969) . In 5 children the immediate effects of 'ACT on the serum lipids were studied by analysing blood samples before and 2, 5, 12, and 21 days after an isocaloric exchange of MCT for LCT. A diet of known composition ('pre-MCT diet') was given for one week before MCT was introduced; the substitutioil of MCT for LCT was made gradually over 3 days in order to avoid gastro-intestinal side-effects.
The composition of the 'pre-MCT' and MCT diets Received August 30, 1968. * Present address: Municipal Hospitals, Tel-Aviv, Israel. is given in Table II ; the total calorie intake and the proportion of carbohydrate and protein were kept constant throughout the study period.
In 9 children the long-term effects of the MCT diet on serum lipid concentrations and fatty acid composition were studied by analysing blood taken at intervals for various periods up to 28 months.
In 5 children the fatty acid composition of adipose tissue triglyceride was studied 5-24 months after the start of the MCT diet, and in 3 children analyses were made within 3 weeks of starting the diet.
Methods. Venous blood was obtained in the fasting state and lipids were extracted from the serum into ethanol/diethyl ether. Triglyceride concentration together with fatty acid composition was estimated by the method of Fosbrooke and Tamir (1968) , total cholesterol using a ferric chloride method on the autoanalyser (Technicon N24A), and total phospholipids (lipid P x 25) by a modification of the method of Bartlett (1959) . The four major phospholipid fractions (phosphatidyl choline, phosphatidyl ethanolamine, sphingomyelin, and lysophosphatidyl choline) were estimated individually after separation by thin-layer chromatography on silica gel H (solvent system: chloroform/methanol/acetic acid/water: 97/38/4/9). The fatty acid composition of phosphatidyl choline and sphingomyelin was determined by gas-liquid chromatography (at 175 'C.) of the methyl esters prepared after overnight methylation as described for triglyceride .
Adipose tissue was obtained from the subcutaneous fat of the buttock by aspiration through a Vim Silverman needle into a dry syringe, homogenized in a Griffith's tube, and the lipids extracted into chloroform/methanol (2/1). The fatty acid composition of the triglyceride was determined as described for serum triglyceride.
Results
Immediate effects. These are shown in Table III The fatty acid composition of serum triglyceride was analysed in all children. In 2 children mediumchain fatty acids were detected but only in trace quantities (0-4% C8:0 and 0 8-1-8% C10:0).
In every case there was a reduction in the proportion of linoleic acid (C18:2) within 5 days of starting the diet; in most children the values fell still further over the next two weeks. 4 of the 5 patients showed an increase in palmitoleic acid (C16:1) after 5 days, which was maintained over the study period. One patient (Case 2) already had a high percentage of palmitoleic acid before MCT was introduced, and this remained high. No consistent changes were found in the proportions of the other major fatty acids (C14:0; 16:0; 18:0 and 18:1).
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Long-term effects. Before MCT was introduced the serum triglyceride was abnormal only in respect of a reduced proportion of linoleic acid (C18 :2). On the MCT diet, the proportion of linoleic acid became further reduced and the proportions of palmitic (C16:0) and palmitoleic (C16:1) acids increased. Triglyceride analyses showed small quantities of mediumchain fatty acids (0-6-3-1% C8:0 and 0 8-2 6% C10:0) on only a few occasions. Table V gives the data for the effects of the diet on the serum phospholipids. The total phospholipid concentration was low in the 2 children studied before the start of the MCT diet, and the mean value for 7 children on dietary treatment was also significantly reduced. The distribution of the individual phospholipids was normal. In phosphatidyl choline of patients on MCT, the proportions of palmitic (C16:0) and oleic (C18:1) acids were increased and linoleic acid (C18 :2) decreased compared with normal. In sphingomyelin the proportion of nervonic acid (C24:1) was increased, and behenic (C22 :0) and lignoceric (C24:0) acids were decreased on the MCT diet. Medium-chain fatty acids were not detected in the phospholipids. Table VI gives the fatty acid composition of adipose tissue triglyceride in 5 children on MCT diets for 5-24 months. Medium-chain fatty acids (C8 :0 and C10 :0) were found in small quantities (less than 4*0%). Palmitic (C16 :0) and palmitoleic (C16:1) acids were present in higher concentrations, and oleic (C18:1) and linoleic (C18 :2) acids in lower concentrations, than normal.
In 1 child serial studies of adipose tissue triglyceride were made weekly for the first 3 weeks after starting the diet, and in 2 other children observations were made after 2 weeks. In the single observation made before MCT was started, increased palmitoleic and decreased linoleic acids were already present. After 2 weeks the changes in long-chain fatty acids were similar to those after several months. Traces of medium-chain fatty acids were not detected until 3 weeks.
Discussion
The effect of medium-chain triglyceride diets on the serum lipids has to be considered in relation to the values present before the diet started. As group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from malabsorption of fat was present in the majority of the children (Leyland et al., 1969) , it was to be expected that the mean levels of serum cholesterol and phospholipid would be lower than normal. The reduction in steatorrhoea resulting from the use of MCT diets is due to the low intake of ordinary fat (long-chain triglyceride), and the fact that the concentrations of serum cholesterol and phospholipids did not rise significantly in the majority of patients on dietary treatment is probably related to the low LCT intake. Our findings agree with those of Kuo and Huang (1965) in children with cystic fibrosis treated with MCT, but differ from those of Cancio and MenendezCorrada (1964) who found that the initial low levels of serum cholesterol increased towards normal in adults with tropical sprue when given MCT. Hypocholesterolaemia has been reported by Hashim et al. (1960) and Roels and Hashim (1962) when MCT is exchanged isocalorically for butter. Pinter, Goldsmith, and Van Itallie (1966) have shown that the absorption of cholesterol is impaired during MCT feeding, and postulate that there may be partial interruption of the enterohepatic circulation of cholesterol due to depressed intestinal absorption (Pinter, 1968) . In 2 of our patients (Cases 1 and 2) marked changes were observed in the serum cholesterol concentration; both these children had liver disease which undoubtedly influenced the serum lipid pattern. In Case 2 initially high concentrations of serum cholesterol (and triglyceride) returned towards normal, and in Case 1 the cholesterol levels rose with deterioration in liver function.
The initial concentration of serum triglyceride did not appear to be affected by malabsorption, though the fatty acid composition showed the reduction in linoleic acid (C18 :2) which is well recognized in patients having steatorrhoea (Fernandes, van de Kamer, and Weijers, 1962) . The small rise in fasting levels of serum triglyceride (predominantly long-chain triglyceride), which occurred shortly after starting MCT diets, and was maintained over the period of study, suggests increased endogenous synthesis; this is confirmed by the fatty acid pattern which showed increased proportions of palmitic (C16 :0) and palmitoleic acids (C16:1). Similar observations were made by Kuo and Huang (1965) , though they reported increases in total triglyceride concentration only in infants under 5 months. Increased proportions of palmitoleic. acid in serum triglyceride, indicating endogenous synthesis, are also found in children on high carbohydrate diets . Indeed in our longterm studies it is impossible to divorce the effects of MCT from those of carbohydrate, as there was usually a somewhat increased proportion of carbohydrate (about 65% of total calories) in the diet. The direct effect of MCT is, however, clearly demonstrated in the short-term studies in which the amount of carbohydrate was limited to 50%.
Increases in palmitoleic acid were found in some patients after only 2 days, and were more marked by 5 days. Increases in palmitoleic acid have also been shown during the course (60-90 minutes) of a single oral load of MCT . The mechanism responsible for the enhanced synthesis of certain fatty acids in response to MCT feeding is not fully understood. Medium-chain fatty acids are rapidly katabolized in the liver; it is possible that octanoic acid (C8:0), because of its ready oxidation, may have a carbohydratesparing effect, and thus promote lipogenesis. Experimental evidence also suggests that 2-carbon units resulting from oxidation of MCT are added to pre-existing fatty acids which are thereby elongated (Brady, Bradley, and Trams, 1960; Sheig, 1968) .
The reduction in the proportion of linoleic acid (C18 :2) in serum triglyceride on MCT feeding is probably explained by the low linoleic acid content of the diet, as this acid cannot be endogenously synthesized. Kuo and Huang (1965) noted that the lowest levels of linoleic acid in their group of patients occurred in those whose diet consisted mainly of a milk formula; though the preparation used contained additional linoleic acid, the contribution from other sources was negligible.
Few studies have been made of changes in the fatty acid composition of serum phospholipids in patients receiving MCT. Kuo and Huang (1965) reported data only on phosphatidyl choline, and our findings of increases in the proportions of palmitic and oleic acids and a decrease in linoleic acid agree with theirs. We did not, however, observe the reduction in arachidonic acid (20:4) which they report. No previous studies have been reported on sphingomyelin; in this fraction we found a marked increase in the proportion of nervonic acid (C24:1) and decreases in behenic (C22 :0) and lignoceric (24:0) acids. Some of these abnormalities, especially the decrease in linoleic acid in phosphatidyl choline, may result from the underlying malabsorption. Unfortunately we were only able to make detailed studies of the phospholipids before MCT was started in 2 patients. Our limited data suggest that MCT caused a further reduction in linoleic acid in phosphatidyl choline, and an increase in nervonic acid in sphingomyelin. Nervonic acid (24:1) can be synthesized from oleic acid (C18:1) by the addition of three 2-carbon units (Fulco and Mead, 1961) ; it is possible that an increased supply of 2-carbon units produced by the oxidation of MCT enhances the production of nervonic acid. As decreases in behenic (C22:0) and lignoceric (C24:0) acids were observed in one patient before MCT, the effect of MCT on the proportions of these fatty acids cannot be defined.
Analyses of adipose tissue triglyceride in our patients agree with those reported by Kuo and Huang (1965) in children with cystic fibrosis treated with MCT. In both series the proportion of palmitic acid was increased and that of oleic and linoleic acids decreased; in addition, in our patients palmitoleic acid was increased. These findings again indicate endogenous lipogenesis, and Kuo and Huang have shown that the changes are most marked in those children receiving the largest proportion of MCT in their diets. As with the serum triglyceride, we cannot say whether the long-chain fatty acid changes we observed were a consequence of feeding MCT, or of the associated increase in the proportion of carbohydrate calories. Our one pre-MCT observation was in a patient on a reduced-fat, increased-carbohydrate diet, and this showed the same long-chain fatty acid composition as we report in patients receiving MCT. The findings of only small amounts of medium-chain fatty acids (C8:0 and C10:0), even after periods of 2 years, is in keeping with their rapid rate of metabolism.
No clinical evidence of linoleic acid deficiency has so far been found in children on MCT diets; Kuo and Huang (1965) followed up their patients for 9 months and we have observed children for up to 3 years. We have not usually given supplements of linoleic acid; an attempt to do so in one patient resulted in diarrhoea, presumably due to poor absorption of this long-chain fatty acid. Kuo and Huang found that the incorporation of 3 % linoleic acid in an MCT formula did not significantly raise the linoleic acid content of serum and adipose tissue. We doubt whether linoleic acid supplements are necessary for older children, but lack experience with infants for whom additional linoleic acid may be required, especially in the first few months of life. Children receiving MCT diets still require long-term follow-up.
Summary
The isocaloric exchange of medium-chain triglyceride for dietary long-chain triglyceride over a three-week period in 5 children with malabsorption resulted in a slight increase in serum triglyceride concentration. There was a prompt and sustained reduction in the proportion of linoleic acid, and an increase in the proportion of palmitoleic acid in serum triglyceride in which medium-chain fatty acids appeared in trace quantities only.
The use of medium-chain triglyceride diets for 3-28 months in 10 children had no significant effect on the concentrations of serum cholesterol or phospholipid; the triglyceride concentration was higher than the pre-treatment value but did not exceed the normal range. In serum triglyceride and phosphatidyl choline the proportion of palmitic acid was increased and that of linoleic acid decreased. In addition, palmitoleic acid was increased in triglyceride, oleic acid in phosphatidyl choline, and nervonic acid in sphingomyelin. Only trace quantitites of medium-chain fatty acids were detected in serum triglyceride and none in the phospholipids.
Analysis of adipose tissue triglyceride in 5 children after 5-24 months of dietary treatment showed small quantities of medium-chain fatty acids (less than 4%), increased proportions of palmitic and palmitoleic acids, and decreased proportions of oleic and linoleic acids.
No clinical evidence of linoleic acid deficiency was found.
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